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PROCEDURE FOR ANALYSIS AND 
QUANTIFICATION OF A FLUID RESIDUAL 
PRODUCT IN A CLEANING PROCESS 

TECHNICAL AREA 

The present invention concerns a procedure for analysing a 
?uid residual product in a cleaning process for objects that are 
part of a manufacturing process, and a device for executing 
the procedure. 

INTRODUCTION 

In current plants for the production of, for example, food 
stuffs, different products are handled, transported and manu 
factured by the use of common equipment and devices. 
Unique equipment and devices are used in certain cases for 
the manufacture of a product. The common equipment and 
devices are cleaned on each occasion that exchange to another 
product occurs, and When there is the risk or suspicion that the 
equipment and devices do not satisfy hygienic standards, for 
example, in the event of the risk for or suspicion of the 
presence of undesired bacteria. Mechanised, often automatic, 
computer-controlled methods are currently used for the 
cleaning of equipment and devices in foodstuff plants, these 
methods being specially adapted for each production line. 
The cleaning takes place in a circuit Without the equipment or 
devices needing to be disassembled. CIP (cleaning-in-place) 
is de?ned as a cleaning system With the circulation of rinsing 
and cleaning solutions through equipment and devices that 
are connected in a circuit. When a rinsing or cleaning solution 
?oWs past a surface that is to be cleaned, one of the processes 
that takes place is a mechanical processing of the surfaces, 
Which is necessary for a satisfactory result. Different, spe 
cially adapted, cleaning programmes are required for differ 
ent types of contaminants and for different equipment and 
devices in order for the cleaning result to be satisfactory. 

The cleaning is controlled by time control (see SWedish 
patent document 510024) in the cleaning systems that are 
currently in use. Procedures and devices for quality control 
are currently mainly adapted for those products that the 
industry manufactures. Quality control of residual products 
during, for example, cleaning, comprises measurement of 
individual parameters and the Weighing together of statistics 
over longer periods of time. One common method is also to 
collect the residual products that arise in a process in a vessel, 
after Which the contents are analysed. The process can also be 
visually folloWed, that is, With the aid of the eye. Individual 
parameters that can be measured are, for example, concentra 
tion, temperature and electrical conductivity. 

The aim of the invention is to determine for a piece of 
equipment or a device the amount of product that is lead to 
discharge or to another use than the intended use When under 
taking the rinsing of the equipment or device With rinsing 
solution, normally Water, before cleaning With a cleaning 
solution. The aim is also to present all parameters and calcu 
lations that are included With a high resolution (0.5-5 sec 
onds) during the complete execution of the measurement in 
order to provide the process operator With reliable informa 
tion, so that the amount of a residual product in a piece of 
equipment or a device that is led to discharge or taken for 
another use other than the intended use is minimized. The 
content of the information Will be described hereinafter. The 
remaining product that is lead to discharge or taken for other 
use than the intended use is de?ned in this context as product 
loss. The product loss is speci?ed as a Weight or a volume of 
the residual product Which through the rinsing process is lead 
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2 
to discharge or other use than the intended use. The ?uid, 
product/Water mixture that passes through the device Will be 
denoted in this context as “residual product”. 

DESCRIPTION OF THE INVENTION 

The invention comprises a procedure for analysing a ?uid 
residual product, consisting of a rinsing solution and product 
loss, from a process for cleaning objects that are part of a 
manufacturing process. The procedure is characterised by the 
fact that it includes the folloWing steps: measuring the ?oW of 
residual product at repeated occasions at a physical location 
in the cleaning process, measuring a magnitude correspond 
ing to the contents of product loss in the cleaning system at the 
same repeated occasions at the same location in the cleaning 
process, determining based on this information the amount of 
product loss that ?oWs past during a time period (to-t1), and 
reporting this information related to the ?nal product or raW 
materials of the manufacturing process. The invention also 
concerns a device for the execution of the procedure. 
The invention is characterised in that the product loss in a 

cleaning process can be localised and its amount can be 
calculated using very simple operations. Relatively short 
intervals are required betWeen the times of measurement and 
recording of the parameters related to product loss in order to 
localise the product loss in an e?icient manner, in the normal 
case the interval length Will be one (1) second. A volume 
calculation is carried out, based on the measurement data that 
has been recorded, that results in the desired information, 
such as the volume of raW material used or the volume of 
product produced. 
The invention is also characterised by the folloWing: 
A distinction is made betWeen “useful product loss” and 

product loss to the discharge (complete loss) speci?ed in 
a unit that can be selected by the operator as described 
above. 

The total Water consumption during the cleaning process is 
displayed. 

The Water consumption for that part of the cleaning process 
during Which no product is present in the cleaning sys 
tem is displayed. 

The Water consumption for that part of the cleaning process 
during Which product is present in the cleaning system is 
displayed. 

The cleaning process is controlled according to its func 
tion. 

DESCRIPTION OF FIGURES 

The invention Will be described in detail beloW by the 
description of an embodiment according to the attached 
draWings, Where 

FIG. 1 shoWs schematically a cleaning system With a 
device according to the invention. 

FIG. 2 shoWs a diagram of measured parameters that are 
used as the basis the calculation of product loss. 

FIG. 3 shoWs a diagram of the calculated product loss. 

DESCRIPTION OF EMBODIMENTS 

Embodiment 1. 
De?nitions 

Residual product 
Boundary product 

a Water/product mixture in cleaning systems 
the name given to residual products in dairies 
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-continued 

DESCRIPTION OF EMBODIMENTS 

Embodiment 1. 
De?nitions 

Product loss the “pure” residual product that is lost 
(denoted by “complete loss” in dairies) 
the fluid medium, normally Water, With 
Which the residual product is transported 
through the cleaning system during rinsing, 
before cleaning With cleaning solution 

Rinsing solution 

This example describes an application of the method 
Within the dairy industry. The constituent parts of the inven 
tion When installed in a dairy are shoWn in FIG. 1. In a dairy, 
different products are handled, stored, transported and manu 
factured in different parts of the plant. Each piece of equip 
ment, device, piece of apparatus, tank, etc., for the handling, 
storage, transport or manufacture of one product is part of an 
object 2 to be cleaned. Several objects to be cleaned are 
normally connected to one cleaning line 3. One dairy nor 
mally has 10-15 cleaning lines. Equipment for the method for 
Which patent protection is sought is installed onto the relevant 
cleaning line 3 between the objects 2 to be cleaned and a 
boundary valve 7. The boundary valve 7 determines the des 
tination to Which the boundary product is to be led: to a 
discharge 9 or to a boundary product tank 8. The boundary 
product is normally used as animal fodder if it has a concen 
tration that exceeds a pre-determined value. The boundary 
product that is led to the discharge 9 is normally treated at a 
municipal discharge treatment plant after the neutralisation of 
its pH in the neutralisation plant of the dairy. 

During the measurement procedure, the boundary product 
is ?rst led through a de-airer 4 (TrilleTM) in order to reduce the 
amount of air in the solution. This is necessary to ensure that 
the subsequent measurement is reliable. The boundary prod 
uct then passes through a How meter 5 and a concentration 
meter 6 of, for example, an infra-red type. The boundary 
product is then led through the boundary valve 7 for distribu 
tion as determined by the cleaning programme. 

The calculation of product loss Will noW be described. See 
FIGS. 2-3. 

Time De?nitions: 
t0 the start time of the calculation 
t1 the end time of the calculation 
tg the time at Which the boundary valve opens or closes 
t' the time that it takes for a column of ?uid to pass from the 
How meter 5 to the boundary valve 7 

tg+t'?'g the calculated time for the opening or closing of the 
boundary valve, corrected for the distance betWeen the 
How meter 5 and the boundary valve 7 

dt the time that elapses betWeen each measured value. 
The calculation of product loss is based on tWo parameters 

that are measured in the system: the How Q and the concen 
tration C. The value measured by the concentration meter (its 
output signal) is related to a concentration C of a knoWn 
product, depending on the properties of the product. The 
graph of Q' against elapsed time dt shoWs the product volume 
that has passed through, Which for each time point is calcu 
lated as the product of the How Q and the concentration C of 
the knoWn product. Thus, Q':C><Q. 

The total product loss that passes the measurement system 
is equal to the area Vtot that is formed under the graph of Q' 
betWeen time t0 and time t1: 
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The calculation above gives results for the complete chosen 
period betWeen time t0 and time t1. Information about the 
destination of the product loss is also of interest, since one 
part of the product loss is taken for other use. In order to 
determine the different partial amounts and volumes, the 
volume V' of Water that is enclosed betWeen the sensor 6 and 
the boundary valve 7 is calculated. The instantaneous ?oW Q 
that is measured through the How meter 5 is used together 
With the volume of Water V' in order to calculate the time t'. 

t' is calculated in tWo steps: 

Step 1 is an iteration that is calculated by summing Q*dt for 
each measured value from time tg until the sum is equal to 
or greater than V'. 

Step 2 checks hoW long it took to carry out the iteration in Step 
1. t' is then given by the value determined in Step 2. 
The boundary product that passes the boundary valve 7 

When the latter is positioned in its ?rst position (With gate 1 
open) is equal to the area V 1 that is formed under the graph of 
Q'betWeen the time t0 and time t'g: 

The boundary product that passes the boundary valve 7 
When the latter is positioned in its second position (With gate 
2 open) is equal to the area V2 that is formed under the graph 
of Q'betWeen the time t'g and time t1: 

The calculation of the Water consumption in a cleaning 
process Will be described beloW, see FIGS. 2 and 3. 

De?nitions (See Also Those Given Above): 
CO the concentration of product that has been de?ned by the 

operator as the limit for clean Water (Water that does not 
contain product). 
The calculation of Water consumption and the classi?ca 

tion of Water quality are based on tWo parameters measured in 
the system: the How Q and the concentration C. If the mea 
sured concentration C exceeds CO (see above), the Water con 
sumptionY is de?ned as Water consumption or rinsing solu 
tion that contains product. If the measured concentration C 
lies under CO (see above), the Water consumption X is de?ned 
as Water consumption or rinsing solution that does not contain 
product. The total Water consumption Z is the sum of rinsing 
solution that contains productY and rinsing solution that does 
not contain product X. See Table 1. 

The division of the pathWay of the rinsing solution through 
the boundary valve is carried out in the same Way as the 
calculation of boundary product described above. If the 
boundary valve 7 has its gate 1 open, the total Water consump 
tion betWeen time t0 and t'g, i.e. X1+Y1, is recorded, see Table 
1. 
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If the boundary valve 7 has its gate 2 open, the total Water 
consumption betWeen time t'g and t1, i.e. X2+Y2, is recorded, 
see Table 1. 

TABLE 1 

Volume to Volume 
Rinsing solution boundary to Total 
(Water) and product product discharge volume 
phases tank (liter) (liter) (liter) 

Rinsing solution X1 X2 X = X1 + X2 
(Water) Without 
residual product 
Rinsing solution Y1 Y2 Y = Y1 + Y2 
(Water) With residual 
product 

Total volume of X1 +Yl X2 +Y2 Z = X +Y 
rinsing solution 
(Water), With and 
Without residual 
product 
Product loss V1 V2 V = V1 + V2 

The Computer System is Used as Described BeloW: 

Signals from the ?oW meter 5 and the concentration meter 
6 together With a signal giving the position of the boundary 
valve 7 are logged (received) by a PLC (programmable logi 
cal computer) 10. Several cleaning lines can be simulta 
neously connected to the PLC 10, as can other types of sensor 
giving pH, temperature, conductivity, etc. The PLC 10 has 
been programmed such that the calculations are made taking 
into consideration the distance betWeen the measurement 
points (the locations of the sensors 5 and 6) and the location 
of the boundary valve 7. The subsequent calculations Will be, 
in this Way, correct (see above). The measurements logged by 
the PLC 10 and the calculations are transferred to a PC 11 for 
storage, processing and presentation of the data. 
The PC 1 1 displays information on, for example, a monitor. 

The display of information uses curves shoWing trends for the 
selected information and the selected time interval, or shoW 
ing online values. The user can, furthermore, choose to cal 
culate key information for a speci?ed time interval. In order 
for this to be possible, it is necessary that the user speci?es the 
product type (for example, loW-fat milk), the time interval, 
the name of the calculation, the number of the cleaning line, 
etc. A calculation can be started once this information has 
been given. 

The PC 11 presents the results as shoWn in Table 1. 

The PC 11 stores, calculates and communicates sets of 
data. The interface for communication With other computer 
systems (such as control systems or operations systems) is 
connected to the PC 11. The purpose of this communication is 
that the PC 11 should continuously provide information to the 
computer system connected to it based on pre-selected crite 
ria in the form of boundary values, time intervals, etc., and 
based on events that occur in real time in the connected 
computer system. The user can exploit the information in his 
or her oWn computer system for control and guidance of the 
process under consideration. 

Examples of Interfaces: 
Data from a connected computer system to the PC 11: 

start times for cleaning of objects and the objects that are 
to be cleaned. 

valve positions for selected valves. 
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6 
Data from the PC 11 to the connected computer system: 

the information given in Table 1 above. 
variables set in the PC 11. 
other con?guration of information that is handled by the 
PC 11. 

Embodiment 2 

Connection of measuring equipment for other foodstuffs 
industries or other process industries that use cleaning pro 
cesses is carried out in the same Way as that described above. 
De-airing by the de-airer 4 can be omitted if the presence of 
air does not introduce problems for the measurement. The 
concentration meter 6 is replaced as required by other sensors 
that can report the amount of the relevant product in the 
boundary product. The boundary valve 7 can be omitted if the 
boundary product is not led to other units after the cleaning 
process. 

The invention claimed is: 
1. A method for analyzing a ?uid residual product in a 

cleaning system, the ?uid residual product consisting of a 
rinsing or a cleaning solution and a product removed from 
equipment used in a manufacturing system for the product, 
With additional steps of determining the amount of said ?uid 
residual product being delivered to one of at least tWo desti 
nations, comprising the steps of 

(a) deaerating a ?oW of said ?uid residual product, 
(b) thereafter continuously measuring a full ?oW (Q) of 

?uid residual product per short time unit (dt) at a prede 
termined location in the cleaning system, 

(c) continuously measuring per the same short time unit 
(dt) a magnitude (C) corresponding to the content(s) of 
product in the ?uid residual product at said predeter 
mined location in the cleaning system, 

(d) determining, based on said measurements, an amount 
of product (Q') that ?oWs through said predetermined 
location per the same short time unit (dt), Where 

Q':C*Q, 
(e) calculating the total amount (Vtot) of product that ?oWs 

through said predetermined location by integration of 
the expression Q'dt for a selected time period (to-t1), 

(f) reporting said amount (V tot) of product as product loss 
from the manufacturing system during a selected time 
period (to-t1), 

(g) calculating the volume (V ') of a piece of conduit 
betWeen a ?oW meter and a boundary valve, 

(h) calculating time (t') for the ?uid residual product to ?oW 
from the ?oW meter to the boundary valve by the use of 
an iterative calculation starting at the time (tg) When said 
boundary valve closes/opens, and by the use of product 
of the ?oW rate (Q) and corresponding short time inter 
val (dt), i.e., the formula Q*dt unit this product is equal 
to or greater than V', 

(i) calculating the time (t'g) When the boundary valve 
closes/ opens adjusted for the distance betWeen the ?oW 
meter and the boundary valve, 

(j) calculating the time periods for delivery (tO —tg and tg—tl) 
to the respective destinations, 

(k) determining the partial amount of the ?uid residual 
product to each of said respective destinations, and 

(l) reporting said partial amount of ?uid residual product to 
each of said respective destinations. 

2. The method according to claim 1, comprising the addi 
tional steps of determining the amount of said ?uid residual 
product being delivered to one of at least tWo destinations by 
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(g) calculating the volume (V ') of the piece of conduit 
between the concentration (magnitude) meter and the 
boundary valve, 

(h) calculating time (t') for the ?uidresidual product to ?oW 
from the ?oW meter to the boundary valve by the use of 
an iterative calculation starting at the time (tg) When said 
boundary valve closes/ opens, and by the use of product 
of the ?oW rate (Q) and corresponding short time inter 
val (dt), i.e., the formula Q* dt until this product is equal 
to or greater than V', 

(i) calculating the time (t'g) When the boundary valve 
closes/ opens adjusted for the distance betWeen the ?oW 
meter and the boundary valve, 

(j) calculating the time periods for delivery (to-t‘g and t'g-tl) 
to the respective destinations, 

(k) determining the partial amount of the ?uid residual 
product to each of said respective destinations, and 

(l) reporting said partial amount of ?uid residual product to 
each of said respective destinations. 

3. The method according to claim 1, comprising the addi 
tional steps of calculating the amount of ?uid residual product 
Without content of the manufactured product (pure rinsing or 
cleaning solution) and the amount of the ?uid residual prod 
uct that contains the manufactured product, based on 

continuously measuring of the full ?oW (Q) of ?uid 
residual product per short time unit (dt) at a predeter 
mined location in the cleaning system, 

continuously measuring per the same short time unit (dt) a 
magnitude (C), corresponding to the content(s) of the 
product in the ?uid residual product at said predeter 
mined location in the cleaning system, 

the predetermined magnitude value CO that de?nes the pure 
rinsing solution, i.e., ?uid residual product Without con 
tent of the manufactured product, 

determining, based on said measurements and predeter 
mined magnitude value CO, the amount of ?uid residual 
product containing and not containing the manufactured 
product respectively, during the time periods for deliv 
ery (to-t‘g or t'g—tl), to the respective destinations, and 

reporting said amount of ?uid residual product containing 
and not containing the manufactured product respec 
tively, during the time periods for delivery (to-t‘g or 
t'g—tl) to the respective destinations. 

4. The method according to claim 3, comprising the addi 
tional step of providing information, based on pre-selected 
criteria and pre-set values in a computer system, for control 
and guidance of said manufacturing system. 

10 

20 

25 

30 

35 

40 

45 

8 
5. In a manufacturing system for making a ?nal product 

from raW materials and Which includes a plurality of treat 
ment apparatus and a cleaning system for rinsing and clean 
ing at least one of said treatment apparatus, the method of 
analyZing a ?uid residual product consisting of rinsing or 
cleaning solution and product from the manufacturing system 
in the cleaning system, With additional steps of determining 
the amount of said ?uid residual product being delivered to 
one of at least tWo destinations, Which comprises the steps of: 

(a) de-aerating a ?oW of the ?uid residual product, 
(b) after step (a) continuously measuring a full ?oW (Q) of 

?uid residual product per short time unit (dt) at a prede 
termined location in the cleaning system, 

(c) continuously measuring per the same short time unit 
(dt) a magnitude (C) corresponding to the content(s) of 
product in the ?uid residual product at said predeter 
mined location in the cleaning system, 

(d) determining from the measurements of steps (b) and 
(c), the contents(s) of product (Q') that ?oWs through 
said predetermined location per the same short time unit 
(dt), Where Q':C*Q, 

(e) calculating the total amount (Vtot) of product that ?oWs 
through said predetermined location by integration of 
the expression Q'dt over the time period (to-t1), 

(f) reporting the calculated total amount of product loss 
during said time period (to-t1), 

(g) calculating the volume (V ') of a piece of conduit 
betWeen a ?oW meter and a boundary valve, 

(h) calculating time (t') for the ?uid residual product to ?oW 
from the ?oW meter to the boundary valve by the use of 
an iterative calculation starting at the time (tg) When said 
boundary valve closes/opens, and by the use of product 
of the ?oW rate (Q) and corresponding short time inter 
val (dt), i.e., the formula Q*dt until this product is equal 
to or greater than V', 

(i) calculating the time (t'g) When the boundary valve 
closes/ opens adjusted for the distance betWeen the ?oW 
meter and the boundary valve, 

(j) calculating the time periods for delivery (tO —tg and tg—tl) 
to the respective destinations, 

(k) determining the partial amount of the ?uid residual 
product to each of said respective destinations, and 

(l) reporting said partial amount of ?uid residual product to 
each of said respective destinations. 

* * * * * 


